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INTRODUCTION

* SM is impressively successful in  
d ibi th i ti i t ldescribing the existing experimental

results.

* SU (3) x SU (2) x U (1) gauge group.( ) ( ) ( ) g g g p

* BUT it presents open BUT it presents open
questions without solutions !!

A FÉ vai contra o senso comum do que é ciência ?

O APARENTE PARADOXO da FÉ no SENHOR DEUS



What are we looking for is 
h ll d ?what we really need ?

SM, 2HDT, MSSM

A l ki f i th i ht di ti t l tAre we looking for in the right direction , or at least
could it be more complete ?



The good but old SMThe good but old SMThe good but old SM ...The good but old SM ...

CP Vi l iCP ViolationGeneration replication 
problem

It does not prevent 
NEUTRINO 

MASSES physicsMASSES

in Tev scale
Weinberg angle value

Other features and problems



Would you like new PARTICLES ?Would you like new PARTICLES ?
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Among the alternatives to SM we have:Among the alternatives to SM, we have:

Enlarge the gauge group;. Enlarge the gauge group; 
. Supersymmetric extensions;

Superstrings inspired models;. Superstrings inspired models; 
. Others.

* One of then is the 3-3-1 model class. 

. They have interesting possibilitiesy g p
for the physics at the TeV scale.

And it is a quite simple quiral model.



The 3-3-1 Model
(3)  (1)L NSU U⊗ Pisano-Pleitez-Frampton Model

Phys.Rev.D 46:410-417,1992           
Phys.Rev.Lett.69:2889-2891,1992.

( each one has > than 300 citations in Spires).

* At l i th i id ith th SM* At low energies they coincide with the SM

They explain some fundamental questions:They explain some fundamental questions: 

- Due to cancelation of chiral anomalies, the number
of generations N must be a multiple of 3, however 
due to asymptotic freedom in QCD, which impose     
that the number of generations must be N <= 5, the
unique allowed number of generations is N = 3;

- some versions predicted the mixing weak angle.



- The electric charge is quantized
independent of the nature of 
the neutrinos (Majorana/Dirac) 

- The fact that one generation
f k i t t d diff tlof quarks is treated differently

from the others, could lead to an 
l ti f th h t kexplanation of the heavy top quark mass.

-
Th h iThe seesaw mechanism
can be naturally incorporated

i i f th 3 3 1 d lin some version of the 3-3-1 models

Th d l t b ti t T V lThe models are non-perturbative at TeV scale,
as well as the supersymmetric version.



* There are some versions of 3-3-1 model .
They depend of the choice of the parameter β
in the electric charge operator:

( )1Q Xλ βλ= − +( )3 82
X

e
λ βλ= − +

Where λ are the Gell Mann matrices and X is theWhere λ are the Gell-Mann matrices and X is the 
U(1) charge.

Th i i l l t t i th th t i l tThe minimal scalar sector contains the three triplets:

0 0 0 2 2 2 2(246 GeV)v v v v v vη ρ χ〈 〉 = 〈 〉 = 〈 〉 = + = =

The left-handed lepton matter content transforms a

, , , (246 GeV) .

s:
Wv v v v v vη ρ χ η ρη ρ χ〈 〉 = 〈 〉 = 〈 〉 = + = =

( ),'    '   X'  ~ (3 , 0)  ,  where a = family index.
T

a a a Llυ



Symmetry   Breaking
,(3) (1) (2) (1) (1)L N L Y emSU U SU U Uχ η ρ< > < >⊗ ⎯⎯⎯→ ⊗ ⎯⎯⎯→

2 2 2( ,   ,   )                ,Wv u w vv i u v w u vϕ ϕ ϕϕ ξ ζ= + ++ =

Neutral Sector 0 0 0
1 2 , 3           H H Hη ρ χξ ξ↔ ↔

Charged Sector
1 2 , ,    H H η ρ χξ+ + ↔

H ρ χξ++ ↔ ( )
2 2

92u w fv u wλ+ −,ρ χξ ( )92
2

fv u w
vw

λ



The Production
of Doubly Charged Higgsof  Doubly Charged Higgs 

at LHC
in the 3-3-1 Model



Drell-Yan Mechanism

Gauge Bosons Scalars

only scalars
Gluon-Gluon Fusion

only scalars



Exotic Particles Masses (em GeV)Exotic Particles Masses (em GeV)
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Q k l t ib tiQuark loop contribution
0from H3  from H

2β ξΛ⎛ ⎞ ( )2 2
2 2

 2
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DCHB x Drel Yan x GGFDCHB x Drel Yan x GGF   



Left-RightLeft Right 

SymmetricSymmetric
Model

LHC x Tevatron



LRSM 331(DY) 331(GGF)LRSM x 331(DY) x 331(GGF)



B hi R tiBranching Ratios
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